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ASSESSING  THE  THERMAL  LIMITS 
OF  BOTTLENOSE  DOLPHINS: 

A  COOPERATIVE  STUDY  BY  TRAINERS,  SCIENTISTS,  AND  ANIMALS 

hv  Tome  M  Williams.  Jeffrey  H.  Haun.  William  A  Friedl.  Richard  W.  Hall,  and  Lester  W.  Bivens 
NOSC  Hawaii  Laboratory  •  P  O  Box  997  •  Kailua,  Hawaii  96734 

The  following  paper  was  presented  hv  Dr  Terne  Wtlliams  at  the  1991  IMATA  Conference  in  Concord.  California.  The  paper  generated 
significant  interest,  not  only  among  the  conference  attendees,  but  also  among  the  general  public.  As  always,  the  paper  will  be  printed  in  the 
Conference  Proceedings,  however,  because  of  the  interest  expressed,  we  have  printed  it  here  in  Soundings  as  well. 


SUMMARY 

Although  bottlenose  dolphins  (Tursiops 
iruncatus)  may  be  exposed  to  ocean  water 
lemperatures  ranging  from  6°C  to  27°C.  little  is 
known  regarding  their  preferred  environmental 
temperatures.  Consequently,  it isdi/ficulttopredict 
the  "ideal  water  temperature  for  the  animals  in 
captivity.  To  determine  the  range  of  thermally 
neutral  water  temperatures  for  these  cetaceans,  we 
examined  the  thermoregulatory  physiology  of  adult 
bottlenose  dolphins  t  body  weight  =  1 36  kg)  trained 
to  rest  in  a  water  tilled  box.  Metabolic  rate,  body 
temperature,  skin  temperature,  and  heat  flow  were 
measured  over  a  I  (PC  range  of  water  temperatures. 
The  results  indicate  that  the  lower  critical  water 
temperature  t  Tfc )  for  bottlenose  dolphins  is  variable: 
Tk  was  less  than  6“C  for  San  Diego  dolphins  in  the 
winter  and  1 1  -  16°C  for  Hawaiian  animals  in  the 
summer.  Further  cooperative  research  will  enable 
us  to  anticipate  the  thermal  requirements  of  both 
large  and  small  cetaceans  tn  captivity. 

INTRODUCTION 

The  purpose  of  our  study  was  to  examine  the 
thermoregulatory  capabilities  of  the  bottlenose 
dolphin.  There  were  several  reasons  for  undertaking 
such  a  project.  First,  although  dolphins  have  been 
housed  in  seaquaria  for  decades  we  know  very  little 
about  their  basic  physiology.  Should  water 
temperatures  of  sedentary  animals  be  the  same  as 
for  active  animals?  What  temperatures  do  the 
animals  prefer?  Should  the  diet  of  the  dolphin  be 
changed  to  account  for  seasonal  temperature 
fluctuations?  A  second  reason  for  this  study 
centered  around  increased  concerns  about  global 
warming  and  its  impact  on  wild  dolphin  populations . 
How  will  such  temperature  shifts  affect  the 
distribution,  population  size,  andeven  survivability 
of  cetacean  species  in  the  wild?  Will  it  require 
innovative  management  decisions  or  conservation 
plans? 

With  these  questions  in  mind,  we  began  a 
research  program  at  Naval  Ocean  Systems  Center 
in  Hawaii.  We  were  interested  in  the  basic 
thermoregulatory  response  of  adult  bottlenose 
dolphins  (Tursiops  truncatusl.  The  responses  to 
shifts  in  water  temperature  were  investigated: 
measurements  included  body  temperature,  skin 
temperamre.  insulating  characteristic  ol  the  oiubtx,. 
layer,  heat  flow  across  the  body  wall ,  and  metabolic 
rate.  To  accomplish  this  work,  we  needed 
exceptional  cooperation  between  the  animals, 
scientists,  and  trainers. 


METHODS 

Approach.  The  goal  of  this  study  was  to  determine 
the  thermal  neutral  zone  (TNZ)  of  the  bottlenose 
dolphin  (Fig.  1 ).  This  zone  defines  the  range  of 
water  temperatures  that  are  considered  the  most 
comfortable  for  the  resting  animal.  It  is  delineated 
by  the  range  of  environmental  temperatures  that 
require  the  least  amount  of  physiological  effort  to 
maintain  a  stabile  body  temperature.  The  TNZ  is 
represented  by  the  flat  portion  of  the  metabolic 
curve  shown  in  Figure  1 . 


Ft  jure  J  Oxvgen  consumption  in  relation  to  ambient  temperature  for  a 
theoretical  mammal  The  pat  pan  of  the  curve  represents  the  thermal 
neutral  range  of  temperatures  This  range  is  delineated  bv  the  lower 
critical  temperature  t  Tk )  and  the  upper  critical  temperature  t  Tm.l  t R  e dr  awn 
from  Bartholomew  1977  I 

At  higher  temperatures  the  animal  must  actively 
dissipate  excess  heal.  For  terrestrial  animals  the 
avenues  of  heal  loss  include  panting  and  sweating. 
At  temperatures  below  the  thermal  neutral  zone, 
and  hence  below  the  lover  critical  temperature 
(Tk),  animals  must  generate  additional  heat  to 
remain  warm.  Usually,  this  results  in  an  increase  in 
metabolic  rate. 

Physiological  Measurements.  Details  of  the  training 
and  instrumentation  are  presented  in  Wright  ( 199 1 ). 
Two  adult,  posl-absorpuve  dolphins  housed  in  San 
Diego  (mean  water  temperature  =  15.4°C)  were 
used  in  these  studies.  Briefly  .oxygen  consumption 
was  determined  by  open  flow  respirometry 
(Williams,  1987)  while  the  dolphins  rested  in  an 
insulated  box.  Water  temperature  in  the  metabolic 
box  was  controlled  by  a  sail  water  hei.  exchanger 
and  ranged  from  3.6  to  17.3“C.  Each  experiment 
was  conducted  at  a  single  water  temperature  and 
lasted  for  2  -  3  hours.  Following  metabolic 
measurements  heat  flow  was  determined  with  a  1" 
diameter  heat  flux  transducer  (Thermonettcs  Corp. . 
San  Diego)  held  against  the  skin.  Skin  temperature 
was  measured  with  a  thermocouple  embedded  in 


the  transducer.  Measurement  sties  included  the 
mid-lateral  body  wall  on  the  trunk,  dorsal  fin. 
pectoral  fin.  and  underside  of  the  fluke.  Core 
temperature  was  measured  with  a  digital 
thermometer  and  rectal  probe.  Blubber  thickness 
of  the  dolphins  was  determined  by  ultrasound 
(Scanoprobe  LI)  before  the  experiments.  Six  sites 
along  the  body  wall  were  measured  and  averaged. 
To  determine  seasonal  variation  in  blubber 
thickness,  we  also  made  monthly  measurements  of 
thickness  for  10  dolphins  housed  in  open  water 
pens  in  San  Diego,  and  10  dolphins  housed  in 
Hawaii. 


RESULTS  AND  DISCUSSION 

We  found  that  bottlenose  dolphins  from  San 
Diego  maintained  a  stabile  body  temperature  cvc: 
the  range  of  water  temperatures  tested.  Core 
temperature  was  approximately  37”C  and  did  not 
change  with  watertemperarures  from  3.6to  1 7.3°C. 
Skin  temperature  remained  withtn  0.6°C  of  the 
water  temperature. 

Heat  flow  varied  with  anatomical  site,  and 
was  consistently  higher  for  the  funk  of  the  body 
than  for  peripheral  sites  (pectoral  fins,  dorsal  fin, 
and  flukes).  Interestingly,  measurable  levels  of 
heal  from  the  peripheral  sites  of  resting  animals 
only  occurred  at  ambient  water  temperatures 
(temperatures  similar  to  the  pen  water).  At  lower 
water  temperatures,  heat  flow  from  the  periphery 
was  remarkably  reduced  (Fig  2).  In  contrast,  heat 
flow  from  the  trunk  of  the  body  increased  with 
lower  water  temperatures.  Figure  2  demonstrates 
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figure  2  Hem  flow  1*1  relation  to  ureter  temperature  foe  bottlenose 
dolphins  from  San  Diego  The  upper  graph  denotes  measurements  taken 
from  the  side  of  the  bod v  the  lower  graph  shows  measurement  t  from  the 
underside  of  the  fruke  Hot*  the  ixtriohihbi  in  heat  flow  from  the  fluke  at 
/6t\  the  acclimation  water  temperature  of  the  animats 
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-  ’  .  roiK'ti'nin-  i  :  'v  .Himi.il'  »i'H'  .i' -  I'.inaicU  n> 
\  Call  Il'IIIIVI.IIillew'l  .ippii'MIll.llL-H  I"  I  \1  ! hi-' 
■inperatuR- in-.il ■»  c.vun.-.i 1 1« *rn  i’< >1  h  tnc  lluki- 
ano  the  boJs  ».itl  A:  ■■i.itei  lempcr. mires  tx-low 
;r  C,  lie.it  tloss  A.i'  arise ni  Imm  the  1  hikes  We 
■hsorvod  a  crauuai  inc  rease  in  heat  ti . > "  trom  the 
•junK  as  water  temperature  dee  lined 

MiCse  results  .an  he  applied  to  husbandry 
,-rnnieois  tor  stranded  eelaeeans  It  a  se.upi.il mrll 
.s  presented  w  nh  an  unusual  speeies  ot  eelaeean  or 
a  eetaeean  ot  unknown  ihennal  tusiorv.  heal  flow 
measurements  .  an  he  used  lodeiennine  ihe  preferred 
a  ater  temperature  ot  the  resting  animal.  Water 
temperature  ot  the  holding  pool  should  start  at 
ambient  conditions  and  be  raised  or  lowered  iust  to 
the  point  that  heat  flow  occurs  intermittently  at 
peripheral  sites  Water  temperatures  that  permit 
heat  slow  from  both  peripheral  and  body  wall  sites 
w  ill  ensure  that  the  w  ater  is  not  too  cold.  However, 
.are  should  be  taken  not  to  overheat  the  water. 
Measurements  should  be  taken  on  resting  animals, 
as  .is!!' it-,  "ill  ailed  Ihe  level  of  heal  How  from 
peripheral  sties  Occasional  measurements  ol  rectal 
temperature  "ill  confirm  the  thermal  stability  ol 
trie  animal 

l  Her  lone  periods  of  exposure  to  cool  water 
temperatures,  dolphins  control  heat  loss  from  the 
ic'd'  wall  b>  altering  the  insulation  provided  by 
blubber.  This  is  demonstrated  by  comparing 
seasonal  changes  in  blubber  thickness  tor  dolphins 
a.  climated  to  "ater  temperatures  in  San  Diego  and 
Hawaii.  Like  the  coats  of  arctic  foxes  and  desert  kit 
toxes.  the  thickness  of  the  insulating  layer  of 
dolphins  changes  with  acclimation  temperature 
Fig  3 1  Both  San  Diego  and  Hawaii  dolphins 
showed  seasonal  changes  in  blubber  thickness. 
The  layer  was  thtnne't  during  warm  seasons  and 
thickest  during  cooler  winter  months,  'let.  at 
.omparable  seasons,  the  blubber  layer  of  animals 
in  Hawaii  remained  ihinner  than  the  layer  for 
.ounterparts  in  San  Diego  Note  that  Worthy 
■  Jdi 1  has  recently  shown  that  the  fat  content  of 
.  etacean  blubber  also  shows  seasonal  sanations. 
Thus,  both  the  uuaiits  and  quantity  ot  insulation 
an  change  in  dolphins. 

The  importance  ot  proper  insulation  can  be 
demonstrated  tor  w  ild  dolphins  Dunne  the  1989/ 
1990  "  inter,  a  sudden  and  prolonged  decrease  in 
water  temperature  along  the  Texas  coast  was 
followed  by  the  stranding  of  23  dolphins  in  Last 
Matagorda  Bas  Necropsy  results  from  these 
animals  revealed  hlubher  thicknesses  that  were 
•ipproximatels  4(1':;  lower  than  normal  (Miller. 
'Uhmittedi  If  is  likely  that  these  animals  came  into 


the  winter  wtth  a  psx»r  insulating  layer.  The  result 
was  that  the  dolphins  were  incapable  of  handling 
the  unique  thermal  challenge  created  by  the  decrease 
in  w  ater  temperature 

Changes  in  insulation  will  alter  the  range  of 
temperatures  comprising  the  thermal  neutral  zone 
ol  mammals  i  Bartholomew .  1977 1  We  observed 
this  for  bottlenose  dolphins  From  our  metabolic 
studies  we  found  that  the  lower  critical  temperature 
iT  l  of  San  Dteeo  dolphins  was  approximately 
6  C:  1  < PC  below  ambient  w  ater  temperature  in  the 
holding  pens  This  compares  to  T  of  11  -  lh’Cfor 
bottlenose  dolphins  measured  in  Hawaii  during  the 
summer  when  ambient  w  ater  temperatures  averaged 
2~  -28 <7  (Costa,  pers  comm  l. 

In  summary,  the  thermoregulatory  system  of 
dolphins  is  llexible.  and  depends  on  routine  w  ater 
conditions  Animals  acclimated  to  temperatures  in 
ban  Dicgosliow  nochange  in  core  node  temperature 
or  metabolic  rate  with  acute  exposure  to  water 
temperatures  within  IOC  of  ambient  conditions. 
Longer  periods  ol  exposure  promote  changes  in  the 
quality  and  quantity  of  the  insulating  blubber  layer. 
Future  research  and  continued  cooperation  between 
trainers,  animals,  and  scientists  will  provide 
additional  information  that  iscnlicai  for  establishing 
the  thermal  requirements  of  both  w  ild  and  captive 
dolphins  ■ 
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